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Mail Stop Appeal Brief - Patents 
Commissioner of Patents 
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Alexandria, Va. 22313-1450 

Commissioner: 

The appellant hereby respectfully submits the following Appeal Brief in response 
to a Final Office Action dated March 3 9 2004, and a Notice of Appeal filed July 27, 2004. 



PAGE 4119 * RCVD AT 9/2712004 12:21:12 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/2 ' DNIS:8729306 * CSID:1 W75/63750 * DURATION (mm-ss);05-30 



Sap-27-04 11 :16am From-MOTOROLA 



18475763750 



T-803 P 005/019 F- 



2 

L REAL PARTY IN INTEREST 

The real party in interest in tills appeal is Motorola, Inc. 

2. RELATED APPEALS AND INTERFERENCES 

There are no other appeals or interferences that will directly affect, or be, directly 
affected by, or have a bearing on the Board's decision in this appeal. 

3. STATUS OF CLAIMS 

This is an appeal from a Final Office Action, dated March 3, 2004. Claims 1-19 
are appealed. In a first Office Action dated September 9, 2003, the Examiner objected to 
claim 7 based on an informality. The Examiner rejected claims 1-6 under 35 U.S.C, §101 
as being directed to an algorithm and not embedded in a computer readable medium. The 
Examiner rejected claims 7-19 under 35 U,S.C. §l03(a) as being unpatentable over Eroz 
et al. (U.S. patent no. 6,334,1 97, hereinafter referred to as "Eroz")- 

In an Amendment dated February % 2004, the appellants amended claim 7 to 
correct the informality and responded to the rejections of claims 1-19. 

In the Final Office Action, dated March 3, 2004, the Examiner rejected claims 1-6 
under 35 U.S.C. §101 as being directed to an algorithm and not embedded in a computer 
readable medium. The Examiner rejected claims 7-19 under 35 U.S.C, § 103(a) as being 
unpatentable over Eroz. 

A Response to the Final Office Action was filed on July 27, 2004, and is currently 
pending. In the Response to the Final Office Action, the appellants amended claim 1 in 
accordance with a suggestion of the Examiner to direct the claim to an interleaving 
method for interleaving data elements in a communication system employing turbo codes. 
No other claims were amended. The appellants further responded to the Examiner's 
rejections of claims 1-19. Claim 1, as amended, is merely a method format of the 
interleaves disclosed by claims 7 and 14. Therefore, the appellants contend that the 
claim 1, as amended, does not necessitate a new search and properly may be considered in 
this appeal. 
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Claim 1, as amended, provides an interleaving method for interleaving data 
elements in a communication system employing turbo codes. The method includes 
writing address locations of the data elements sequentially by rows into a matrix having a 
predetermined number of bit storage locations arranged in a first predetermined number 
of rows having corresponding row indexes and a second predetermined number of 
columns having corresponding column indexes. The method further includes bit 
reversing the row indexes for the first predetermined number of rows and permuting the 
corresponding address locations of the data elements, bit reversing the column indexes 
for the second predetermined number of columns and permuting the corresponding 
address locations of the data elements, and shifting bit storage locations of one or more of 
the first predetermined number of rows a respective predetermined number of columns. 

Claim 7, as amended, provides an interleaver that includes an input device, a 
controller, and an output device. The input device is configured to write addresses of 
elements stored in an input memory sequentially by rows into a matrix of at least a 
predetermined number of bit storage locations having a first predetermined number of 
rows and a second predetermined number of columns. The controller is configured to bit 
reverse row indexes for the first predetermined number of rows and permute the 
corresponding data elements, bit reverse column indexes for the second predetermined 
number of columns and permute the corresponding data elements, and shift bit storage 
locations of one or more of the first predetermined number of rows a respective 
predetermined number of columns. 

Claim 13 provides a data transmission system employing turbo encoding. The 
system includes a turbo encoder having multiple coders for coding received data frames 
and an interleaver located between an input to the turbo encoder and one of the multiple 
coders. The interleaver is configured to interleave address locations of bits within a 
matrix having a first predetermined number of rows and a second predetermined number 
of columns by bit reversing row indexes for the first predetermined number of rows and 
permuting the corresponding data elements, bit reversing column indexes for the second 
predetermined number of columns and permuting the corresponding data elements, and 
shifting bit storage locations of one or more of the first predetermined number of rows a 
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respective predetermined number of columns. The system further includes a decoder 
configured to receive and decode the turbo encoded data frames. 

Claim 14 provides an interleaver having an input data memory, an interleaver 
matrix, a controller, an output buffer, and an output memory. The input data memory is 
configured to store an N number of bits at corresponding input data memory addresses. 
The interleaver matrix is configured to read and store the input data memory addresses in 
at least a two-dimensional matrix having a first predetermined number of rows and a 
second predetermined number of columns, each of the rows and columns having an 
assigned index value* The controller is configured to set the first predetermined number 
of rows and the second predetermined number of rows based on the N number. of bits 
using a prescribed algorithm, to interleave the data memory address in the interleaver 
matrix by bit reversing the row index values for the first predetermined number of rows 
and permuting the corresponding address locations of the data elements, bit reversing the 
column index values for the second predetermined number of columns and permuting the 
corresponding address locations of the data elements, and shifting bit storage locations of 
one or more of the first predetermined number of rows a respective predetermined number 
of columns, and to read out interleaved data bit addresses in the interleaver matrix column 
by column to produce an interleaved output read sequence. 

No Advisory Action has been received by the applicants. No claims have been 
allowed. The pending claims 1-19 are reproduced below in the attached Appendix, 

4. STATUS OF AMENDMENTS 

A Response to the final Office Action was filed on Jtily 27, 2004, and is currently 
pending. In the Response to the Final Office Action, the appellants amended claim 1 in 
accordance with a suggestion of the Examiner to direct the claim to an interleaving 
method for interleaving data elements in a communication system employing turbo codes. 
Also, the appellants responded to the Examiner's rejections of claims 1-19. However, as 
noted above, claim 1, as amended, is merely a method format of the interleavers disclosed 
by claims 7 and 14. Therefore, the appellants contend that the method disclosed by claim 
1, as amended, was already disclosed with respect to the claimed interleavers of claims 7 
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and 14 ? does not necessitate a new search, and properly may be considered in this appeal 
No Advisory Action has been received. 

5. SUMMARY OF INVENTION 

The appellant's invention provides a communication system that employs turbo 
encoding, the system having a more easily implemented turbo interleaver that interleaves 
input data efficiently With little use of system resources and that does not require look-up 
tables. The turbo interleaver reads address locations of the data bits into an interleaver 
matrix array row by row and interleaves the address locations by bit reversal of the row 
indexes with accompanying permutation of the corresponding address locations in the 
rows of the matrix, bit reversal of the column indexes with accompanying permutation of 
the corresponding address locations in the columns of the matrix and shifting the address 
locations within each row a predetermined number of column locations based on the 
particular row number. 

Claim 1, as amended* provided an interleaving method for interleaving data 
elements in a communication system employing turbo codes. The method includes steps 
of writing address locations of the data elements sequentially by rows into a matrix having 
a predetermined number of bit storage locations arranged in a first predetermined number 
of rows having corresponding row indexes and a second predetermined number of 
columns having corresponding column indexes. The method further includes steps of bit 
reversing the row indexes for the first predetermined number of rows and permuting the 
corresponding address locations of the data elements, bit reversing the column indexes for 
the second predetermined number of columns and permuting the corresponding address 
locations of the data elements, and shifting bit storage locations of one or more of the first 
predetermined number of rows a respective predetermined number of columns. (Figures 
2 and 4; page 4, line 19 to page 5, line 23; page 6, line 8 to page 7, line 13; page 10, line 4 
to page II, line 25) 

Claim 7> as amended, provided an interleaver that includes an input device 
configured for receiving and temporarily storing data elements in an input memory, the 
input device also configured to write addresses of the elements in the input memory 
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sequentially by rows into a matrix of at least a predetermined number of bit storage 
locations having a first predetermined number of rows and a second predetermined 
number of columns. The interleaver further includes a controller configured to bit reverse 
row indexes for the first predetermined number of rows and permute the corresponding 
data elements, bit reverse column indexes for the second predetermined number of 
columns and permute the corresponding data elements, and shift bit storage locations of 
one or more of the first predetermined number of rows a respective predetermined 
number of columns. The interleaver further includes an output device configured to 
sequentially read the interleaved input memory addresses from the columns of the matrix 
and read and transmit data elements stored at corresponding memory addresses in the 
sequential read order of the interleaved input memory addresses. (Figures 2, 3, and 4; 
page 4, line 19 to page 5, line 23; page 6, line 8 to page 7, line 13; page 8, line 10 to page 
11, line 25) 

Claim 13 provided a data transmission system employing turbo encoding. The 
system Includes a turbo encoder for turbo encoding received data frames and transmitting 
die encoded data frames within the data transmission system, the turbo encoder including 
multiple coders for coding the received data frame and an interleaver located between an 
input to the turbo encoder and one of the multiple coders. The interleaver is configured to 
interleave address locations of bits within a matrix having a first predetermined number of 
rows and a second predetermined number of columns by bit reversing row indexes for the 
first predetermined number of rows and permuting the corresponding data elements, bit 
reversing column indexes for the second predetermined number of columns and 
permuting the corresponding data elements, and shifting bit storage locations of one or 
more of the first predetermined number of rows a respective predetermined number of 
columns. The system further includes a decoder configured to receive and decode the 
turbo encoded data frames transmitted by the turbo encoder, the decoder including a de- 
interleaver that receives the interleaved reassembles the address locations of bits within 
the matrix by reversing the interleaved output of the interleaver using reverse steps of the 
interleaver. (Figures 1-5; page 3, line 25 to page 4, line 7; page 4, line 19 to page 5, line 
23; page 6, line 8 to page 7, line 13; page 8, line 10 to page 12, line 12) 
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Claim 14 provided an interleaves The imerleaver included an input data memory 
configured to store an N number of bits at corresponding input data memory addresses, 
and an imerleaver matrix configured to read and store the input data memory addresses in 
at least a two-dimensional matrix having a first predetermined number of rows and a 
second predetermined number of columns, each of the rows and columns having an 
assigned index value. The imerleaver further includes a controller configured to set the 
first predetermined number of rows and the second predetermined number of rows based 
on the TV number of bits using a prescribed algorithm- The controller is further configured 
to interleave the data memory address in the interleaver matrix by bit reversing the row 
index values for the first predetermined number of rows and permuting the corresponding 
address locations of the data elements, bit reversing the column index values for the 
second predetermined number of columns and permuting the corresponding address 
locations of the data elements, and shifting bit storage locations of one or more of the first 
predetermined number of rows a respective predetermined number of columns. The 
controller is further configured to read out interleaved data bit addresses in the interleaver 
matrix column by column to produce an interleaved output read sequence. The 
interleaver farther includes an output buffer that receives the interleaved output read 
sequence from the controller, the output buffer configured to direct the input data memory 
to read out data bit according to the interleaved output read sequence, and an output data 
memory configured to write data bits read out from the input data memory according to 
the interleaved output read sequence and transmit the read bits to a communication 
system. (Figures 2, 3, and 4; page 4, line 19 to page 7„ line 13; page 8, line 10 to page 1 1, 
line 25) 

6. ISSUES 

Issue 1 

Whether claim 1 is unpatentable under 35 U.S.C. §101 as being directed to an 
algorithm and not embedded in a computer readable medium. 

Issue 2 

Whether claims 7, 13, and 14 are unpatentable under 35 U.S.C. §1 03(a) over Eroz. 
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7. GROUPING OP CLAIMS 

Appellants designate the following groups of claims: 
Group I: claims 1-6; 
Group II: claims 7-19. 

8. ARGUMENT 

(i) Rejection under 35 U.S,C. § 1 1 2, first paragraph: 

None 

(ii) Rejection under 35 U.S.C, §112, second paragraph: 

None 

(iii) Rejection under 35 U.S.C. §102: 

None 

(iv) Rejection under 35 U.S.C. §103: 

The Examiner rejected claims 7-19 under 35 U.S.C. §103(a) as being unpatentable 
over Eroz. Specifically, with respect to claims 7, 13, and 14, the Examiner contended that 
Eroz teaches a two dimensional block interleaver (element 16 in FIG. 2) comprising a 
number of rows and a number of columns, wherein data is read into the interleaver row- 
by-row, then row and column permutations are performed to randomize data positions, 
and then the data is read out column-by-column (col. 9, lines 2-10). Specifically, the 
Examiner noted that Eroz teaches for an input position *1 = C * i + j/ a corresponding 
output position is 6 I(1) = R*IIi(j) + p(i)/ where TV is a column permutation application 
to data in row I and 'p 5 is bit reversed indexing (col. 9, lines 11-17). The Examiner 
acknowledged that Eroz does not disclose a controller configured to bit reverse row and 
column indices. However, the Examiner contended that it would have been well known 
to one of ordinary skill in the art that controllers are required in order to perform read and 
write operations for forward or backward (bit reversing) operations. 
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The appellants respectfully disagree with the Examiner's interpretation of Eroz. In 
the interleaver of Eroz, for an input position l l = C * i + j, a a corresponding output 
position is '1(1) = R*Ilj(j) + p(i),' where 'p(i) s is the bit reversal pattern for the I th row and 
TM]) J is a column permutation applied to the data in the i* row. While k U]QY is a 
column permutation pattern, it is not done with bit reversals for the columns as in claims 
7, 13, and 14. Instead, Eroz implements the column permutation pattern by use of Galois 
field arithmetic, which is extremely difficult to implement and which results in a totally 
different pattern than the bit reversal indexing of claims 7 9 13, and 14- Furthermore, 
while Eroz provides a bit reversal index 'p(i)' for each row, each of claims 7, 13, and 14 
goes beyond Eroz by providing a row shifting operation for each row with a specific 
pattern after bit reversal indexing. 

Therefore, it is no surprise that the relationship between the starting interleaver 
matrix (the matrix on page 6, line 12 of the pending application and matrix 8 in Eroz) and 
the final interleaver matrix (the matrix on page 7, line 9 of the pending application and 
matrix 1 7 in Eroz) is completely different between the pending application and Eroz and 
results in different final distances of adjacent input values, as the interleaver of claims 7, 
13, and 14 use bit-reversal combined with a shifting operation that results in a completely 
different distribution of the transmitted bits. Eroz does not teach the feauires of claims 7, 
13, and 14 of bit reversing row indexes for a first predetermined number of rows and 
permuting the corresponding data elements, bit reversing column indexes for a second 
predetermined number of columns and permuting the corresponding data elements* and 
shifting bit storage locations of one or more of the first predetermined number of rows a 
respective predetermined number of columns. Accordingly, the appellants respectfully 
submit that claims 7, 13, and 14 are not unpatentable over the prior art of record. 

Regarding dependent claims 8-12 and 15-19, because claims 8-12 depend directly 
or indirectly from independent claim 7 and claims 15-19 depend directly or indirectly 
from independent claim 14, the appellants respectfully submit that claims 8-12 and 15-19 
are not unpatentable over the prior art of record. 

Although claim 1 has not been rejected under Eroz, the appellants contend that 
claim 1, as amended by the appellants' Response to the Final Office Action,, also is not 
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unpatentable over the prior art of record* Claim 1 7 as amended, teaches a method of 
interleaving that includes bit reversing the row indexes for a first predetermined number 
of rows and permuting the corresponding address locations of the data elements, bit 
reversing the column indexes for the second predetermined number of columns and 
permuting the corresponding address locations of the data elements, and shifting bit 
storage locations of one or more of the first predetermined number of rows a respective 
predetermined number of columns. As noted above, these features are not taught by 
Eroz- Accordingly, the appellants respectfully submit that claim 1, as amended, is not 
unpatentable over the prior art of record. 

Since claims 2-6 depend directly or indirectly from independent claim 1, the 
appellants further contend that claims 2-6 also are not unpatentable over the prior art of 
record- 

(v) Other rejections 

The Examiner rejected claims 1-6 under 35 U.S.C §101 as being directed to an 
algorithm and not embedded in a computer readable medium, noting that the steps therein 
are directed to mathematical algorithms rather than limited to practical applications. In 
accordance with a suggestion of the Examiner, in their Response to the Final Office 
Action the appellants amended claim 1 to direct the claim to an interleaving method for 
interleaving data elements in a communication system employing turbo codes. The 
method disclosed by claim 1, as amended, is merely a method format of the interleavers 
disclosed by claims 7 and 14. Therefore, the appellants contend that the method disclosed 
by claim 1, as amended, was already disclosed with respect xo the claimed interleavers of 
claims 7 and 14, does not necessitate a new search, and properly may be considered in this 
appeal. Accordingly, the appellants respectfully submit that claim 1 is no longer directed 
to an algorithm rather than a practical application and, as amended, is not unpatentable 
under 35 U.S.C. §101. 

8. CONCLUSION 

For the above reasons, the appellant respectfully submits that the rejection of 
claims 1-6 under 35 U.S.C. §101 as being an unpatentable algorithm and the rejection of 
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II 

clams 7-19 under 35 ILS,C« § 103(a) as being unpatentable over Eroz is in error and 
should be reversed and the claims allowed. 



Respectfully submitted,, 
Jiangnan/fchen 



By: 





Steven A. May 
Attorney for Applicants 
Registration No. 44,912 
Phone No.: 847/576-3635 
fax No.: 847/576-3750 
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APPENDIX 

1. An interleaving method for interleaving data elements in a communication system 
employing turbo codes, the method comprising the steps of: 

writing address locations of the data elements sequentially by rows into a matrix 
having a predetermined number of bit storage locations arranged in a first predetermined 
number of rows having corresponding row indexes and a second predetermined number of 
columns having corresponding column indexes; 

bit reversing the row indexes for the first predetermined number of rows and 
permuting the corresponding address locations of the data elements; 

bit reversing the column indexes for the second predetermined number of columns 
and permuting the corresponding address locations of the data elements; and 

shifting bit storage locations of one or more of the first predetermined number of rows 
a respective predetermined number of columns. 

2. The method according to claim 1, further comprising the steps of: 

determining an N number of bits within a frame to be transmitted and setting the 
predetermined number of bit storage locations equal to N; and 

setting the first predetermined number of rows and second predetermined number of 
columns to 2 m and 2" respectively, where the values m and n are set such that 2 n * m is greater 
than or equal to N. 

3. The method according to claim 2, wherein the values of m and n are set such that n is 
greater than or equal to m and that the absolute value of the difference of values m and n is 
less than or equal to one. 

4. The method according to claim 1, further comprising the step of reading the data elements 
out of the matrix column by column starting with a first column after the columns have been 
reversed and the rows have been reversed and shifted. 

5* The method according to claim 1 , wherein the steps of reversing bit storage locations for 
the first predetermined number of rows, reversing bit storage locations for the second 
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predetermined number of columns, and shifting bit storage locations of each of the second 
predetermined number of rows a respective predetermined number of columns are performed 
for each data element when each individual data element is written to the matrix. 

6. The method according to claim 2, wherein data elements in each particular row of the 
matrix are each shifted in a predetermined direction within the matrix a specified number of 
columns as determined by the relationship 2 m - (row# - 1), where row# is a number of the 
particular row in the matrix and 2 m ts the total number of rows in the matrix. 

7. An interleaver comprising: 

an input device configured for receiving and temporarily storing data elements in an 
input memory, the input device also configured to write addresses of the elements in the input 
memory sequentially by rows into a matrix of at least a predetermined number of bit storage 
locations having a first predetermined number of rows and a second predetermined number of 
columns; 

a controller configured to bit reverse row indexes for the first predetermined number 
of rows and permute the corresponding data elements, bit reverse column indexes for the 
second predetermined number of columns and permute the corresponding data elements, and 
shift bit storage locations of one or more of the first predetermined number of rows a 
respective predetermined number of columns; and 

an output device configured to sequentially read the interleaved input memory 
addresses from the columns of the matrix and read and transmit data elements stored at 
corresponding memory addresses in the sequential read order of the interleaved input memory 
addresses, 

8. The interleaver according to claim 7 9 wherein the controller is further configured to: 

determine an TV number of bits within a frame to be transmitted; 

set the predetermined number of bit storage locations equal to N; and 

set the first predetermined number of rows and second predetermined number of 

columns to 2 m and 2", respectively, where the values m and n are set such that 2" * m is 

greater than or equal to the at least AT number of bit storage locations. 
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9. The interleaver according to claim 8, wherein the values of m and n are set such that n 
is greater than or equal to m and that the absolute value of the difference of values m and 
n is less than or equal to one. 

1 0. The interleaver according to claim 7, wherein the output device sequentially reads the 
data elements out of the matrix column by column starting with a first column. 

11. The interleaver according to claim 7, wherein the controller is configured to reverse 
the bit storage locations for the first predetermined number of rows, reverse the bit storage 
locations for the second predetermined number of columns, and shift the bit storage 
locations of each of the second predetermined number of rows a respective predetermined 
number of columns for each data element when each individual data element is written to 
the matrix. 

12. The interleaver according to claim 7, wherein the controller is configured to shift data 
elements in each particular row of the matrix a predetermined direction within the matrix 
a specified number of columns as determined by the relationship 2 m - (row#-l), where 
row# is a number of the particular row in the matrix and 2 m is the total number of rows in 
the matrix, 

1 3. A data transmission system employing turbo encoding comprising: 

a turbo encoder for turbo encoding received data frames and transmitting the 
encoded data frames within the data transmission system, the turbo encoder including: 

a plurality of coders for coding the received data frame; and 

an interleaver located between an input to the turbo encoder and one of the 
plurality of coder, the interleaver configured to interleave address locations of bits within 
a matrix having a first predetermined number of rows and a second predetermined number 
of columns by bit reversing row indexes for the first predetermined number of rows and 
permuting the corresponding data elements, bit reversing column indexes for the second 
predetermined number of columns and permuting the corresponding data elements, and 
shifting bit storage locations of one or more of the first predetermined number of rows a 
respective predetermined number of columns; and 
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a decoder configured to receive and decode the turbo encoded data frames 
transmitted by the turbo encoder, the decoder including a de-interleaver that receives the 
interleaved reassembles the address locations of bits within the matrix by reversing the 
interleaved output of the interleaver using reverse steps of the interleaver. 

14. An interleaver comprising: 

an input data memory configured to store an N number of bits at corresponding 
input data memory addresses; 

an interleaver matrix configured to read and store the input data memory addresses 
in at least a two-dimensional matrix having a first predetermined number of rows and a 
second predetermined number of columns, each of the rows and columns having an 
assigned index value; 

a controller configured to set the first predetermined number of rows and the 
second predetermined number of rows based on the N number of bits using a prescribed 
algorithm; the controller also configured to interleave the data memory address in the 
interleaver matrix by bit reversing the row index values for the first predetermined 
number of rows and permuting the corresponding address locations of the data elements, 
bit reversing the column index values for the second predetermined number of columns 
and permuting the corresponding address locations of the data elements, and shifting bit 
storage locations of one or more of the first predetermined number of rows a respective 
predetermined number of columns; the controller further configured to read out 
interleaved data bit addresses in the interleaver matrix column by column to produce an 
interleaved output read sequence; 

an output buffer receiving the interleaved output read sequence from the 
controller, the output buffer configured to direct the input data memory to read out data 
bit according to the interleaved output read sequence; and 

an output data memoiy configured to write data bits read out from the input data 
memory according to the interleaved output read sequence and transmit the read bits to a 
communication system. 

15. The interleaver according to claim 14, wherein the interleaver matrix is effected 
within the controller. 
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16. The interleaver according to claim 14, wherein the controller is further configured to 
set the first predetermined number of rows and second predetermined number of columns 
to 2 m and 2" 3 respectively, where the values m and n are set such that 2" T m is greater than 
or equal to the at leasi # number of bit storage locations. 

17. The interleaver according to claim 16 9 wherein the values of m and n are set such that 
w is greater than or equal to m and that the absolute value of the difference of values m 
and n is less than or equal to one. 

18. The interleaver according to claim 17, wherein the controller is configured to reverse 
the bit storage locations for the first predetermined number of rows, reverse the bit storage 
locations for the second predetermined number of columns, and shift the bit storage 
locations of each of the second predetermined number of rows a respective predetermined 
number of columns for each data element when each individual data element is written to 
the matrix, 

19. The interleaver according to claim 14, wherein the controller is configured to shift 
data elements in each particular row of the matrix a predetermined direction within the 
matrix a specified number of columns as determined by the relationship 2 m - (row#-t), 
where row* is a number of the particular row in the matrix and 2 m is the total number of 
rows in the matrix. 
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